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(sj)  A  process  for  purification,  in  particular  desulphurization,  of  flue  gas. 
(57)  in  a  process  for  purification,  in  particular  desulphuriza- 
tion,  of  flue  gas  from  the  combustion  of  sulphur-containing 
fuel  in  a  combustion  furnace,  fresh,  alkaline  absorption  agent 
selected  among  oxides  and  hydroxides  of  calcium,  mag- 
nesium  and  the  alkali  metals,  is  added  in  the  flue  gas  channel 
from  the  combustion  furnace,  and  the  formed  reaction  pro- 
duct  is  separated  from  the  flue  gas. 

By  adding  the  absorption  agent  drily  after  adjusting  the 
water-dewpoint  of  the  flue  gas  and/or  the  temperature  of  the 
flue  gas  so  that  the  distance  between  dewpoint  temperature 
and  flue  gas  temperature  is  5-50°C,  preferably  1  0-20°C,  a  very 
effective  desulphurization  is  obtained. 
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A  PROCESS  FOR  P U R I F I C A T I O N ,  
IN  PARTICULAR  DtSUL  PHUR  1  ZA  I  I  ON  r~P7~FLUE  GAS 

The  p r e s e n t   i n v e n t i o n   re la tes   to  a  p rocess   for  p u r i f i c a t i o n ,   in 

p a r t i c u l a r   d e s u l p h u r i z a t i o n ,   of  flue  gas  from  the  combus t ion   of  s u l -  

5  p h u r - c o n t a i n i n g   fuel  in  a  combus t ion   f u r n a c e ,   in  which  p r o c e s s   a 

f resh   a lkal ine   a b s o r p t i o n   agen t   se lec ted   among  oxides  and  h y d r o x -  
ides  of  ca lc ium,   m a g n e s i u m   and  the  alkali  metals ,   is  added   in  t h e  

flue  gas  channe l   from  said  combus t ion   f u r n a c e ,   and  the  r e a c t i o n  

p r o d u c t   formed  is  s e p a r a t e d   from  the  flue  g a s .  

-in  In  the  p r e s e n t   c o n t e x t   " combus t ion   f u r n a c e "   shall  mean  a n y  
plant   for  c o n d u c t i n g   a  combus t i on   p r o c e s s ,   including  boi lers   a n d  

i n s t a l l a t i o n s   for  c o m b u s t i o n   of  waste  mate r ia l s .   By  " s u l p h u r - c o n t a i -  

ning  fuel"  is  meant   all  t y p e s   of  s u l p h u r - c o n t a i n i n g   fuels  i n c l u d i n g  

coal,  oil,  b iofuel ,   v a r i o u s   waste  p r o d u c t s ,   and  na tura l   g a s .  

15  By  the i r   c o m b u s t i o n   said  fuels  form  va r ious   gases ,   which  f o r  

v a r i o u s ,   in  p a r t i c u l a r   e n v i r o n m e n t a l   r e a s o n s ,   to  a  l a rger   or  s m a l l e r  

d e g r e e   must  be  removed   from  the  flue  gas  before   this  can  be  e x p e l -  
led  into  the  a t m o s p h e r e .   These   u n d e s i r a b l e   gases   are  f . e x .   HCI,  

HF,  HJS,  SOg,  and  above   all  SOp.  The  p r e s e n t   invent ion   aims  t o  

2Q  r educe   the  c o n t e n t s   of  t he se   u n d e s i r a b l e   gases   to  an  a c c e p t a b l e   level  

in  the  flue  gas  and  t h e r e f o r e   b road ly   involves   a  pu r i f i ca t i on   t h e r e o f .  

In  the  following  s p e c i f i c a t i o n   the  i nven t ion   will  in  p a r t i c u l a r   be  d e -  

sc r ibed   in  c o n n e c t i o n   with  d e s u l p h u r i z a t i o n .  

Known  d e s u l p h u r i z a t i o n   p r o c e s s e s   may  pr imar i ly   be  d iv ided   in 

2£  two  main  t y p e s ,   namely  d e s u l p h u r i z a t i o n   in  the  combus t ion   f u r n a c e  

as  such,   and  d e s u l p h u r i z a t i o n   in  the  flue  gas  channel   ou t s ide   t h e  
f u r n a c e .  

By  d e s u l p h u r i z a t i o n   in  the  combus t ion   f u r n a c e   it  is  well  k n o w n ,  
in  p a r t i c u l a r   by  bo i l e r s ,   to  i n t r o d u c e   an  alkal ine  a b s o r p t i o n   a g e n t ,  

30  in  p a r t i c u l a r   l imestone   (CaCO3)   and  h y d r a t e d   lime  ( C a ( O H ) _ ) ,   w h e r e -  
by  the  following  r e a c t i o n s   take  p l a c e :  

C a ( O H ) 2   -♦  CaO  +  H2O  t  >  5 0 0 ° C  

CaCO3  •♦  CaO  +  CO2  t  >  750°C  

CaO  +  SO2  +  *&O2  ->■  CaSO4  t  >  7 0 0 ° C  35  

The  calcium  s u l p h a t e   formed  will  as  solid  pa r t i c les   be  e x p e l l e d  
with  the  flue  gas ,   w h e r e f r o m   it  may  be  removed  t o g e t h e r   with  f l y  
ash,  f . ex .   by  means  of  su i t ab l e   f i l t e r s ,   in  p a r t i c u l a r   bag  f i l ters   o r  
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one  or  more  separa t ion   cyc lones .   Despi te   p e r s i s t e n t   e f for t s   it  h a s  

p robab ly   not  up  to  now  -  even  by  e x t r e m e l y   high  lime  consumpt ion   - 

been  possible   to  obtain  an  e s sen t i a l l y   h i g h e r   degree   of  d e s u l p h u r i -  

zation  than  about  60%  by  d e s u l p h u r i z a t i o n   d i rec t ly   in  the  b o i l e r .  

05  Such  a  deg ree   of  d e s u l p h u r i z a t i o n   is  r e g a r d e d   as  u n a c c e p t a b l y   low, 

and  d e s u l p h u r i z a t i o n   in  the  combus t ion   f u r n a c e   must  t h e r e f o r e   in 

almost  all  cases  be  s u p p l e m e n t e d   with  f u r t h e r   pur i f i ca t ion   of  the  f l u e  

gas.  It  is  f u r t h e r m o r e   r ecogn ized   today   tha t   CaSO4  ( p i a s t e r   of  P a r i s )  

is  not  well  sui ted  for  waste  depos i t ion   as  it  is  somewhat  soluble  in 

10  water  and  t h e r e f o r e   in  time  will  be  washed   out.  CaSCU  is  less  s o l u b l e  

in  water  and  t h e r e f o r e   more  useful  for  d e p o s i t i o n ,   but  it  cannot   b e  

formed  by  d e s u l p h u r i z a t i o n   in  a  combus t ion   f u r n a c e ,   because   at  t h e  

exis t ing  t e m p e r a t u r e   cond i t ions   the  excess   of  air  forces   the  p r o c e s s  

shown  above  to  p r o c e e d .  

15  There   is  f u r t h e r m o r e   known  a  n u m b e r   of  p rocesses   for  removal  

of  SO?  and  o ther   acid  gas  componen t s   from  the  flue  gas,   cf.  f . e x .  

US  Patents   No.  4 ,197,278,   4 ,324 ,770   and  .4 ,279,873.   These   p r o c e s -  

ses  are  genera l ly   of  th ree   t y p e s ,   namely  the  we t -me thod ,   the  semi -  

wet -method  and  the  d r y - m e t h o d .   It  is  a  common  c h a r a c t e r i s t i c   o f  

20  these  p r o c e s s e s ,   where  d e s u l p h u r i z a t i o n   is  per formed  on  the  f l u e  

gas  as  such,   that   gene ra l ly   they  r e q u i r e   often  costly  addi t ional   p r o -  

cess  equ ipmen t ,   such  as  f . e x .   s p r a y - d r y i n g   plants  and  mixing  t a n k s .  

Finally,  the re   is  known  a  number   of  p r o c e s s e s ,   which  combine  

d e s u l p h u r i z a t i o n   in  the  combus t ion   f u r n a c e   and  d e s u l p h u r i z a t i o n   o f  

25  the  flue  g a s .  
In  a  p rocess   acco rd ing   to  PCT  app l i ca t ion   WO  85/02453  an  a l k a -  

line  abso rp t ion   agent ,   p r e f e r a b l y   CaCO_,  is  f i rs t   added  to  the  com-  

bustion  f u r n a c e ,   w h e r e b y   par t   of  the  s u l p h u r   is  bound  as  s u l p h a t e ,  

and  a  f i rst   f i l t ra t ion  is  pe r fo rmed   in  a  d r y - s e p a r a t o r ,   f . e x .   an  e l e c -  

30  t ro f i l t e r .   The  mix  p r o d u c t   s e p a r a t e d   he r e f rom  will  e s sen t i a l ly   c o n s i s t  

of  CaSO.  and  fly  ash,  w h e r e b y   f i r s t ly   the  deposi t ion  problems  d i s -  

cussed  above  will  exis t ,   and  next   it  will  not  be  possible  i n d e p e n d e n t -  

ly  to  utilize  the  fly  ash,   which  is  a  useful   p roduc t .   The  f i l tered  f l u e  

gas  is  then  cooled  to  a  t e m p e r a t u r e   below  400°C,  a  f u r t h e r   a l ka l i ne  
35  absorp t ion   agen t ,   f . ex .   CaO,  Ca(OH)_  a n / o r   Mg(OH)2  is  added,   a n d  

p r e f e r a b l y   a  gas  d ry ing   a g e n t ,   f . e x .   CaCI»,  and  a  new  f i l t r a t i o n ,  

p r e f e r a b l y   in  bag  f i l ter ,   is  p e r f o r m e d .  
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In  a  p rocess   acco rd ing   to  US  pa ten t   no.  4 ,509,436  an  a l k a l i n e  

a b s o r p t i o n   agent ,   p r e f e r a b l y   CaO  or  CaCCU,  is  f i rs t   added  to  t h e  

combus t ion   f u rnace .   Next,  the  flue  gas  with  e x c e s s i v e ,   u n r e a c t e d  

CaO  t o g e t h e r   with  pa r t i c l e s   of  fly  ash  and  s u l p h a t e   is  d i rec ted   to  a 
05  heat  e x c h a n g e r ,   wherein  a  p re l imina ry   cooling  is  p e r f o r m e d ,   and  t h e  

flue  gas  is  f i l t e red ,   p r e f e r a b l y   in  bag  f i l ter .   A  port ion  of  the  p a r -  
t icles  s e p a r a t e d   from  the  f i l ter   is  f u r t h e r   cooled  and  d i r ec ted   b a c k  

in  the  flue  gas  in  o rder   to  cool  this  to  the  w a t e r - d e w p o i n t .   The  p u r -  
pose  of  this  step  is  to  form  a  water  film  on  the  su r f ace   of  the  a s h  

10  pa r t i c l e s   so  that   u n r e a c t e d   exces s ive   CaO  from  the  f u r n a c e   may  b e  

c o n v e r t e d   into  Ca(OH)? ,   which  again  leads  to  the  r e a c t i o n  

Ca(OH)2  +  SO2  -*  CaSO3  +  H2O 

15  A  p rocess   accord ing   to  US  pa ten t   no.  4 ,519 ,995   is  based  u p o n  
the  same  p r inc ip l e s ,   but  r a t h e r   than  cooling  the  flue  gas  with  cooled 
r e c i r c u l a t e d   pa r t i c l es ,   an  i nc rease   of  the  re la t ive   water   con ten t   in 
the  flue  gas  is  p roposed   by  r e c i r c u l a t i n g   cooled  flue  gas  or  i n j e c t i n g  
w a t e r .  

20  In  both  p rocesses   known  from  said  US  pa t en t s   the  final  d e p o -  
sition  p r o d u c t   will  contain  a  mix ture   of  su lpha t e   and  fly  ash  ( f rom 
the  f u r n a c e )   with  the  above  ment ioned  r e su l t i ng   despos i t ion   p r o b l e m s  
and  lacking  poss ib i l i ty   of  i n d e p e n d e n t   ut i l izat ion  of  the  fly  ash.  F u r -  
t h e r m o r e ,   the  addit ion  of  CaCO,   to  the  combus t ion   f u r n a c e   means  a 

25  s u b s t a n t i a l   risk  of  d e a d b u r n i n g   of  e x c e s s i v e ,   by  ca lc inat ion  f o r m e d  
CaO,  which  may  only  with  d i f f icu l ty   be  "opened"   by  e s t a b l i s h m e n t  
of  a  moist  milieu  in  the  flue  g a s .  

The  p r e s e n t   invent ion   is  based  upon  the  u n e x p e c t e d   r e c o g n i t i o n  
that   a  very   effect ive  d e s u l p h u r i z a t i o n   may  be  ob ta ined   wi thout   d e s u l -  

30  p h u r i z a t i o n   in  the  combust ion   f u r n a c e ,   only  by  adding   d ry ,   f r e s h ,  
a lkal ine  abso rp t ion   agent   to  the  flue  gas  from  the  combust ion   f u r n a c e ,  
p r o v i d e d   that   the  w a t e r - d e w p o i n t   or  the  t e m p e r a t u r e   of  the  flue  g a s ,  
before   adding  the  a b s o r p t i o n   agen t ,   is  ad jus t ed   so  that   the  c u r r e n t  
t e m p e r a t u r e   of  the  flue  gas  is  only  s l ight ly   above  the  w a t e r - d e w p o i n t  

35  of  the  flue  g a s .  
In  this  connect ion  " f r e sh"   alkaline  a b s o r p t i o n   agent   means  a b -  

s o r b e n t   added  from  ou t s ide   to  the  system  of  combus t ion   fu rnace   a n d  
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flue  gas  channe l ,   in  c o n t r a s t   to  the  well  known  addi t ions   via  t h e  

combus t ion   f u r n a c e .  

The  p rocess   a c c o r d i n g   to  the  inven t ion   is  c h a r a c t e r i z e d   in  t h a t  

the  a b s o r p t i o n   agen t   is  added  drily  at  a  pr imary   inser t   point   a f t e r  

05  ad jus t i ng   the  w a t e r - d e w p o i n t   of  the  flue  gas  a n d / o r   the  t e m p e r a t u r e  

of  the  flue  gas,   so  tha t   the  d i s tance   between  dewpoint   t e m p e r a t u r e  

and  flue  gas  t e m p e r a t u r e   is  5-50°C,  p r e f e r a b l y   1 0 - 2 0 ° C .  

By  said  a d j u s t m e n t   it  is  con templa ted   to  obtain  a  maximum,  r e -  

lative  water   con ten t   in  the  flue  gas  wi thout   risk  of  c o n d e n s a t i o n   o f  

10  liquid  wa te r .   Under   these   condi t ions   it  has  been  found  that   the  f l u e  

gas  c o n t e n t s   of  SO-  qu ick ly   and  willingly  reacts   with  the  a b s o r p t i o n  

agent   to  form  the  c o r r e s p o n d i n g   s u l p h i t e ,   p r e f e r a b l y   CaSO3,  w h i c h  

in  conven t iona l   manner   may  be  s e p a r a t e d   from  the  flue  g a s .  

By  the  p rocess   acco rd ing   to  the  invent ion  there   may  as  m e n -  

15  t ioned  be  ob ta ined   a  ve ry   ef fect ive   d e s u l p h u r i z a t i o n ,   which  in  d e -  

p e n d e n c e   of  the  se lec ted   process   p a r a m e t e r s ,   as  f u r t h e r   e x p l a i n e d  

below,  may  a p p r o a c h   100%.  As  a  r esu l t   hereof ,   there   is  a b s o l u t e l y  

no  need  of  pe r fo rming   d e s u l p h u r i z a t i o n   in  the  combust ion  f u r n a c e   a s  

such  and  the  above  exp la ined   problems  in  connect ion  he rewi th   a r e  

20  t h e r e b y   avo ided .   If  d e s i r e d ,   the  fly  ash  may  be  s e p a r a t e d   from  t h e  

flue  gas  before   the  dewpo in t   ad ju s tmen t   or  in  a  p a r t i c u l a r   e m b o d i -  

ment  of  the  i n v e n t i o n ,   as  expla ined  below,  it  may  be  f i l t e red   s e l e c -  

t ively  off  s i m u l t a n e o u s l y   with  the  react ion  p roduc t   formed  with  t h e  

s u l p h u r   con ten t   of  the  flue  gas,  w h e r e b y   in  both  cases  the  p o s s i b i -  

25  lity  of  a  s e p a r a t e   u t i l iza t ion  of  the  fly  ash  is  ob ta ined .   In  p r o p o r t i o n  

to  known  d e s u i p h u r i z a t i o n   p roces se s   on  the  flue  gas  alone,  t he re   is 

ob ta ined   a  more  e f fec t ive   d e s u l p h u r i z a t i o n ,   be t te r   heat  e c o n o m y ,  

be t t e r   poss ib i l i ty   of  s e p a r a t e   ut i l izat ion  of  fly  ash  and  d e s u l p h u r i z a t i o n  

p r o d u c t s   a n d / o r   poss ib i l i t y   of  using  more  simple  p rocess   e q u i p m e n t .  

30  Accord ing   to  the  i nven t ion ,   the  abso rp t ion   agent   is  added  d r i l y  

to  the  flue  gas,   w h e r e b y   is  meant  that   it  is  not  a  ques t ion   of  a  s o l u -  

tion,  s u s p e n s i o n   or  o ther   liquid  or  semi- l iquid  form,  a l though   a n  

abso lu t e ly   a n h y d r o u s   p r o d u c t   does  not  have  to  be  in  ques t i on .   F o r  

economical  and  p rac t ica l   reasons   the  p r e f e r r e d   abso rp t ion   agent   is 

35  p u l v e r u l e n t   h y d r a t e d   lime,  which  in  p rac t i ce   is  about  90%  p u r e  

Ca(OH)?   with  a  low  water   content   up  to  5%. 
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In  the  p roces s   here in   d i s c lo sed ,   the  flue  gas  channel   f u n c t i o n s  

as  a  tube  r e a c t o r .   The  flue  gas  from  the  combus t ion   f u r n a c e   will 

typ ica l ly   a r r ive   at  this  r eac tor   at  a  t e m p e r a t u r e   in  the  o rde r   o f  

150°C,  but  e s sen t i a l l y   h igher   t e m p e r a t u r e s   are  also  poss ib le ,   in  p a r -  
05  t icular   when  the  flue  gas  has  not  been  s u b j e c t e d   to  a  f i l t ra t ion   in 

e l e c t r o f i l t e r   or  s e p a r a t i o n   cyclone.   The  re la t ive   water   con t en t   is  low 

in  p r o p o r t i o n   to  the  c o n d i t i o n s ,   which  are  con t emp la t ed   by  the  p r o -  
cess  a cco rd ing   to  the  p r e s e n t   i nven t ion ,   and  the  n e c e s s a r y   a d j u s t -  
ment  of  the  d i s t ance   to  the  dewpoin t   may  e i ther   be  pe r fo rmed   b y  

10  lowering  the  t e m p e r a t u r e   of  the  flue  gas  or  by  adding   water   f r o m  

ou t s ide ,   or  by  a  combinat ion  of  both.   Accord ing   to  a  p r e f e r r e d   em-  
bodiment   the  w a t e r - d e w p o i n t   is  ad jus t ed   by  addi t ion  of  liquid  w a t e r .  

Accord ing   to  ano the r   and  more  p r e f e r r e d   embodiment ,   the  d i s t a n c e  

to  the  dewpoin t   is  ad ju s t ed   by  lowering  the  flue  gas  t e m p e r a t u r e   b y  
15  passage   t h r o u g h   a  heat  e x c h a n g e r .   When  the  flue  gas  from  the  com- 

bust ion  f u r n a c e   has  a  t e m p e r a t u r e   in  the  o rde r   of  150°C,  a  coo l ing  
to  about   55-60°C  will  typ ica l ly   cause  that   the  c o n t e m p l a t e d   a d j u s t m e n t  
of  the  d i s t ance   to  the  dewpoin t   is  ob ta ined   for  the  usual  a b s o l u t e  
mois ture   con ten t   from  a  combust ion   p r o c e s s .   Accord ing   to  M.  S a t r i a n a ,  

20  New  Deve lopments   in  flue  gas  d e s u l p h u r i z a t i o n   t e c h n o l o g y ,   Po l lu t ion  

Techno logy   Review  No.  82,  Noyes  Data  C o r p . ,   Park  Ridge,   New 

J e r s e y ,   USA,  1981,  it  is  known  that   the  react ion  be tween  SO-  a n d  
a  drily  injected  a b s o r p t i o n   agent   p roceeds   best  at  t e m p e r a t u r e s   a b o v e  
200°C,  w h e r e b y   the  SOp-removal   should  be  i n c r e a s i n g   at  i n c r e a s i n g  

25  t e m p e r a t u r e s .   This  is  also  in  a c c o r d a n c e   with  the  fact  that   the  r e a c t i o n  
with  the  dri ly  injected  a b s o r p t i o n   agent   does  not  p r o c e e d ,   or  p r o -  
ceeds  only  with  d i f f i cu l ty ,   at  the  usual  t e m p e r a t u r e   of  the  flue  g a s  
in  the  o rde r   of  150°C,  which  makes  it  so  much  more  u n e x p e c t e d   a n d  
s u r p r i s i n g   that   the  react ion  may  proceed  e f f ec t ive ly   af ter   the  p r e -  

30  f e r red   cooling  a cco rd ing   to  the  i nven t ion .   Accord ing   to  the  i n v e n t i o n  
it  is  f u r t h e r m o r e   p r e f e r r e d   that   the  heat  e x c h a n g e r   is  an  a i r - p r e h e a t e r ,  
which  h e a t - e x c h a n g e s   with  f resh   air  to  the  combus t ion   f u r n a c e .   In 
this  manner   the  heat  con ten t   of  the  flue  gas  is  optimally  u t i l i z e d .  
Such  an  a i r - p r e h e a t e r   may  be  c o n f i g u r a t e d   as  a  known  t u b u l a r   h e a t  

35  e x c h a n g e r   of  the  c o u n t e r c u r r e n t   type .   The  heat  e x c h a n g e r   may  a lso 
be  c o n f i g u r a t e d   to  rehea t   the  flue  gas  af ter   d e s u l p h u r i z a t i o n .  
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By  cooling  of  the  flue  gas  t h e r e   is  a  risk  of  condensa t ion   o f  

acid  gases ,   f . ex .   SOg,  HCI  and  HF,  w h e r e b y   the  heat  e x c h a n g e r  

may  c o r r o d e .   This  may  be  p r e v e n t e d   by  m a n u f a c t u r i n g   the  heat  e x -  

c h a n g e r   of  acid  r e s i s t a n t   material   or  by  pe r fo rming   a  coating  o r  

05  enamell ing  of  the  hea t ing   s u r f a c e .   However ,   accord ing   to  the  i n v e n -  

tion  it  is  p r e f e r r e d   to  e l iminate  the  co r ro s ion   problem  by  a d d i n g  

f u r t h e r   f r e sh ,   a lkal ine  a b s o r p t i o n   a g e n t   at  a  s e c o n d a r y   inser t   p o i n t ,  

which  in  the  flow  d i r e c t i o n   of  the  flue  gas  is  before  the  heat  e x c h a n g e r ,  

in  this  way  the  acid  gases   are  n e u t r a l i z e d ,   a  p r inc ip le   which  in  i t s e l f  

10  is  known  from  p u b l i s h e d   Swedish   p a t e n t   spec i f ica t ion   no.  437 ,123 .  

As  ment ioned  above ,   the  flue  gas  channel   acts  as  a  tube  r e a c t o r ,  

and  its  length  is  d imens ioned   in  conven t iona l   manner   in  view  of  t h e  

d iameter   or  cross  sect ion  of  the  flue  gas  channe l ,   to  obtain  a  r e s i -  

dence  time,  which  p r e f e r a b l y   shall  be  at  least  \-1  second  from  t h e  

15  p r imary   inse r t   point  for  the  a b s o r p t i o n   agent   to  the  point  where  t h e  

react ion  p r o d u c t   is  r emoved .   If  n e c e s s a r y ,   the  r e s i d e n c e   time  may  

be  p ro longed   by  i n s e r t i n g   a  whir l ing   chamber   in  the  reaction  c h a n n e l ,  

which,  however ,   p r e f e r a b l y   is  avoided  because   of  the  loss  of  e f f e c t .  

The  react ion  p r o d u c t   formed  by  the  react ion  between  the  f l u e  

20  gas  and  the  a b s o r p t i o n   agen t   may  be  s e p a r a t e d   from  the  flue  gas  in 

any  known  manner   with  f i l t e r s ,   i nc lud ing   e l e c t r o f i l t e r s ,   or  s e p a r a -  

tion  cyc lones ,   in  p a r t i c u l a r   by  means  of  bag  f i l ters   of  the  type  d e -  

scr ibed   in  US  pa ten t   no.  4 ,197 ,278 .   Such  bag  f i l ters   may  consist   o f  

woven  cloth  or  steel  web,  the i r   sizes  and  numbers   being  d i m e n s i o n e d  

25  accord ing   to  f i l t ra t ion   r e q u i r e m e n t s .   The  bag  f i l te rs   are  emptied  a t  

i n t e rva l s   being  dec ided   by  the  wish  of  ob ta in ing   the  pr incipal ly   l o n g e s t  

poss ible   r e s i d e n c e   time  on  the  f i l t e rs   aga ins t   an  u n d e s i r e d   i n c r e a s i n g  

p r e s s u r e   drop  with  i n c r e a s i n g   b u i l d - u p   of  solids.   The  p r e s s u r e   d r o p  

over  the  bag  f i l ters   may  in  known  manner   be  c o u n t e r b a l a n c e d   b y  
30  i n se r t i ng   one  or  more  suct ion  d ra f t   b lowers   in  the  flue  gas  c h a n n e l  

af ter   the  bag  f i l t e r s .  

The  f i l te red   solid  p r o d u c t   may  be  d i r ec t ed   to  depot  or  f u r t h e r  

m a n u f a c t u r i n g ,   but  a c c o r d i n g   to  the  inven t ion   it  is  p r e f e r r e d   t h a t  

part   of  the  p r o d u c t   is  r e c i r c u l a t e d   for  mix ture   with  the  d e w p o i n t -  

35  ad jus t ed   flue  gas,   said  r e c i r c u l a t i o n   being  made  to  an  i n t e r m e d i a r y  

inse r t   point ,   which  in  the  flow  d i r ec t ion   of  the  flue  gas  is  b e f o r e  

said  p r imary   inse r t   p o i n t .  
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Accord ing   to  a  f u r t h e r   p r e f e r r e d   embodiment   of  the  i n v e n t i o n ,  

a  s e p a r a t o r   may  be  i n s e r t e d   in  the  flue  gas  channe l ,   where in   p a r t  

of  the  solid  reac t ion   m ix tu re   is  s epa ra t ed   from  the  flue  gas,   b e f o r e  

this  r eaches   the  above  ment ioned   f i l ter .   As  this  f i l ter   p r e f e r a b l y   is 

05  a  bag  f i l t e r ,   an  i n s e r t e d   s e p a r a t o r   may  reduce  the  load  t h e r e o n .  

The  i n s e r t e d   s e p a r a t o r   is  p r e f e r a b l y   a  cyclone,   w h e r e b y   the  r e s i -  

dence  time  in  the  flue  gas  channel   is  p ro longed .   By  embodying   s u c h  

a  cyclone  as  a  socalled  mu l t i - cyc lone   f i l ter ,   it  is  poss ible   to  s e l e c t i v e -  

ly  remove  the  fly  ash  from  the  other   solid  pa r t i c l e s ,   which  w o u l d  

10  not  be  poss ib le   if  the  f i l t r a t ion   merely  took  place  on  a  bag  f i l t e r .  

The  s e p a r a t e d   solid  p r o d u c t s   from  the  inse r ted   s e p a r a t o r   or  c y c l o n e  

may  be  d i r ec t ed   to  depot   or  f u r t h e r   m a n u f a c t u r i n g ,   but  it  is  p r e -  
f e r r ed   that   at  least  par t   of  the  p roduc t   be  r e c i r c u l a t e d   t o g e t h e r   w i th  

the  r e c i r c u l a t e d   mix tu re   from  said  bag  filter  to  the  flue  gas  c h a n n e l .  

15  When  a  s e p a r a t o r   as  ment ioned   above  is  i n se r t ed   in  the  flue  g a s  
channe l ,   it  is  p r e f e r r e d   tha t   the  pr imary  inse r t   point  of  f resh   a l k a -  

line  a b s o r p t i o n   agen t   lies  a f te r   said  s e p a r a t o r ,   i .e.  in  the  p r e f e r r e d  
embodiment   be tween  the  cyclone  and  the  bag  f i l ter .   Hereby  f r e s h  

a b s o r p t i o n   agent   is  i n s e r t e d   at  a  point,   where  the  flow  gas  has  a 
20  re la t ive ly   low  con ten t   of  SOp,  and  it  becomes  poss ible   to  remove  t h i s  

res idual   amount .   A l t e r n a t i v e l y ,   the  pr imary  inser t   point  may  be  b e -  

fore  the  cyclone  so  that   the  d e s u l p h u r i z a t i o n   the re in   is  i n c r e a s e d .  

The  degree   of  d e s u l p h u r i z a t i o n   which  may  be  ob ta ined   by  t h e  

p rocess   acco rd ing   to  the  inven t ion   depends   e s sen t i a l ly   on  the  a d d e d  
25  amount  of  alkaline  a b s o r p t i o n   agent   in  p ropor t ion   to  the  s u l p h u r   c o n -  

ten t ,   and  the  d e g r e e   of  r e c i r c u l a t i o n .   With  commercial  h y d r a t e d   lime 

as  a b s o r p t i o n   a g e n t ,   a  d e g r e e   of  d e s u l p h u r i z a t i o n   a p p r o a c h i n g   100% 

may  be  ob ta ined   by  add ing   about   3  mole  Ca  per  mole  S  in  the  f l u e  

gas,  and  r e c i r c u l a t i o n   in  an  amount  c o r r e s p o n d i n g   to  10  times  t h e  
30  weight   of  solid  pa r t i c l e s   in  the  sys tem.   By  a  h igher   r e c i r c u l a t i o n  

rate ,   close  to  100%  d e s u l p h u r i z a t i o n   may  be  ob ta ined   by  addi t ion  o f  
down  to  2  moles  Ca  per  mole  S  in  the  flue  gas.  However ,   such  a 
high  degree   of  d e s u l p h u r i z a t i o n   is  rarely  n e c e s s a r y   in  p r ac t i ce ,   a n d  
in  many  cases  with  conven t iona l   coal  types   with  a  s u l p h u r   c o n t e n t  

35  of  1-1.5%  by  weigh t ,   a  d e g r e e   of  d e s u l p h u r i z a t i o n   of  75%  will  b e  
a d e q u a t e .  
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This  may  be  ob ta ined   by  means  of  the  i n v e n t e d   process   by  using  in 

the  order   of  1.0  mole  Ca  per  mole  S  in  the  flue  gas,  and  a  r e c i r c u -  

lation  rate  in  the  o r d e r   of  10  t imes.  In  view  hereof  it  is  p r e f e r r e d  

according  to  the  i n v e n t i o n   tha t   the  f r e sh   abso rp t ion   agen t   is  a d d e d  

05  in  excess ,   p r e f e r a b l y   1 . 0 - 1 . 6 ,   in  p a r t i c u l a r   1 .0-1 .1   mole  Ca  per  mole 

S  in  the  flue  gas  and  t ha t   a  par t   of  the  mix ture   con ta in ing   r e a c t i o n  

p roduc t   and  u n r e a c t e d   a b s o r p t i o n   agen t   a f te r   s epa ra t ion   from  t h e  

flue  gas  is  r e c i r c u l a t e d   for  mix ture   with  the  d e w p o i n t - a d j u s t e d   f l u e  

g a s .  
TO  A  p r e f e r r e d   embod imen t   of  the  p roces s   accord ing   to  the  i n v e n -  

tion  will  now  be  i l l u s t r a t e d   with  r e f e r e n c e   to  the  d r awing ,   w h e r e i n  

Figure  1  shows  a  p lan t   being  useful   for  embodying  the  p r o c e s s  

a n d  

Figure  2  shows  a  g r a p h   of  d e s u l p h u r i z a t i o n   as  a  funct ion   of  

15  Ca/S-mole  r a t i o .  

Refer r ing   now  to  fig.  1  a  fuel  is  i n t r o d u c e d   at  1  into  a  com- 

bustion  f u rnace   10,  which  f . e x .   may  be  a  boiler.   Fresh  air  is  i n t r o -  

duced  at  2  and  the  formed  flue  gas  is  d i r ec t ed   along  with  solid  com-  

bustion  par t ic les   i nc lud ing   fly  ash  t h r o u g h   a  flue  gas  channel   12. 

20  The  flue  gas  channel   leads  via  a  poss ib le ,   not  shown,   s e p a r a t o r ,  

which  may  be  an  e l e c t r o f i l t e r   for  removing  fly  ash,  to  a  flue  g a s  

cooler  or  heat  e x c h a n g e r   20.  In  the  example  shown,  this  is  in  h e a t  

conduc t ing   connec t ion   with  an  a i r - p r e h e a t e r   25,  which  from  a  c o n -  

duit  3  p r e h e a t s   p r ima ry   air  for  i n t r o d u c t i o n   into  the  c o m b u s t i o n  

25  furnace   10  via  condu i t   2.  From  the  heat  e x c h a n g e r   20  the  flue  g a s  

channel  leads  to  a  s e p a r a t o r   30  being  embodied  as  a  cyc lone ,   a n d  

from  here  to  a  s e p a r a t o r   being  embodied  as  a  filter  40,  f . e x .   a  b a g  

f i l ter .   Finally,  the  flue  gas  channel   leads  via  a  suction  d ra f t   b l o w e r  

50  to  chimney  60.  A  silo  70  s to res   a lkal ine  absorp t ion   agen t ,   f . e x .  

30  hyd ra t ed   lime,  which  by  means  of  a  blowing  device  80,  f . e x .   a  h i g h -  

p r e s s u r e   blower,   is  in jec ted   via  condu i t   72  d i rec t ly   into  the  flue  g a s  

channel  12  at  a  p r ima ry   i n se r t   point  be tween   the  cyclone  30  and  t h e  

filter  40.  By  means  of  a  r egu la t ion   device  (not  shown)  par t   of  t h e  

absorp t ion   agent   may  be  d i r e c t e d   from  condui t   72  t h r o u g h   a  c o n d u i t  

35  74,  which  at  a  s e c o n d a r y   i n se r t   point  ends  in  the  flue  gas  c h a n n e l  

12  before  the  heat  e x c h a n g e r   20.  The  solid  par t ic les   being  s e p a r a t e d  

on  the  filter  40  are  at  the  bottom  d i r e c t e d   by  means  of  a  t r a n s p o r t s -  
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tion  mechanism  42  and  a  control   mechanism  44  to  a  condui t   46,  w h e r e -  

to  also  solid  pa r t i c l e s   from  the  cyclone  30  are  d i r ec ted   via  t r a n s p o r t a -  
tion  mechanism  32  and  control   mechanism  34.  A  blower  47  f o r w a r d s  

the  pa r t i c l e s   in  the  condui t   46  to  an  i n t e r m e d i a r y   inser t   point  on  
05  the  flue  gas  channe l   12  be tween  the  heat  e x c h a n g e r   20  and  the  c y -  

clone  30.  From  the  condu i t   46  par t   of  the  solid  pa r t i c les   are  r e m o v e d  

and  d i r e c t e d   to  depot   or  f u r t h e r   m a n u f a c t u r i n g   via  condui t   48 .  

As  an  example ,   s t a n d a r d   coal  con t a in ing   1.0-1.3%  S  is  f ired  a t  

1  into  the  boi ler   10.  Dry,   p a r t i c i p a t e   h y d r a t e d   lime  is  in jected  via  a 
10  condu i t   74  in  an  amount   c o r r e s p o n d i n g   to  about   0.1  to  about   0 . 2  

mole  Ca  per  mole  S  in  the  flue  gas,   whe reas   the  r ema inde r   of  t h e  

d e s i r e d   amount   of  h y d r a t e d   lime  c o r r e s p o n d i n g   to  a  total  Ca/S  mo le /  

mole  ratio  of  1.0  is  d r y - i n j e c t e d   via  the  condu i t   72.  At  the  p o i n t  

where   the  condu i t   74  ends  in  the  flue  gas  channel   12,  the  flue  g a s  
15  has  a  t e m p e r a t u r e   of  about   150°C,  w h e r e b y   the  lime  n e u t r a l i z e s   t h e  

flue  gas  c o n t e n t s   of  SOg,  HCI,  HF  and  similar  acid  p r o d u c t s .   In  t h e  

heat   e x c h a n g e r   20  the  flue  gas  is  cooled  to  a  t e m p e r a t u r e   of  a b o u t  

55-60°C,   which  for  the  usual  water   con t en t   from  a  combust ion   p r o -  
cess  means  that   the  flue  gas  now  has  a  t e m p e r a t u r e ,   which  is  15 -20°C 

20  above  the  w a t e r - d e w p o i n t .   The  lime  being  added  via  condui t   72  r e -  
acts  with  SOp  in  the  flue  gas  acco rd ing   to  the  r e a c t i o n  

Ca(OH)2   +  SO2  ■»  CaSO3  +  HgO 

25  Unreac t ed   Ca(OH)2   and  the  CaSO3  formed  are  depos i t ed   on  t h e  
f i l ter   40,  where f rom  the  mixture   is  col lected  at  su i tab le   i n t e r v a l s  
and  d ivided  into  a  s t ream  to  depot   via  48  and  a  r ec i r cu la t ion   s t r e a m  
via  condui t   46.  The  u n u s e d   r e c i r c u l a t e d   Ca(OH)2   reacts   with  SO?  in 
the  d e w p o i n t - a d j u s t e d   flue  gas,   which  is  d i r e c t e d   to  the  cyclone  30,  

30  where in   CaSO3  is  s e p a r a t e d   along  with  u n u s e d   Ca(OH)2.   Also  t h i s  

p r o d u c t   is  d ivided  into  a  stream  to  depot   via  48  and  a  r e c i r c u l a t i o n  

s t ream  via  46.  If  a  f i l te r ,   f . ex .   an  e l e c t r o f i l t e r   for  removing  fly  a s h  
has  not  been  i n se r t ed   between  the  boiler  10  and  the  heat  e x c h a n g e r  
20,  fly  ash  will  be  s e p a r a t e d   in  the  cyclone  30,  poss ibly   as  an  i n d i -  

35  vidual  f r ac t ion .   At  a  r ec i r cu l a t i on   amount   via  condui t   46  of  about  10 
times  the  weight   of  solid  par t ic les   in  the  sy s t em,   a  degree   of  d e s u l -  
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phu r i za t i on   of  about   75%  was  ob ta ined   u n d e r   the  o ther   condi t ions   a s  

s t a t e d .  

Fig.  2  shows  a  g raph   i l l u s t r a t i ng   the  deg rees   of  d e s u l p h u r i z a -  

tion  for  Ca/S-mole   ratios  from  about   0.4  to  about  3.0  for  a  d e w p o i n t -  
05  d i s tance   of  15-20°C  and  a  r ec i r cu l a t i on   rate  of  10. 

As  ment ioned  in  the  p reamble ,   the  p r e s e n t   invent ion  i n v o l v e s  

in  its  b r o a d e s t   sense  pu r i f i c a t i on   of  flue  gases ,   and  not  only  d e s u l p h u -  

r izat ion,   a l though   this  is  r e g a r d e d   as  the.   most  impor tan t   for  t h e  

time  being.   Any  o ther   u n d e s i r e d   gas  componen t ,   such  as  f . ex .   HCI ,  
10  HF  or  HpS,  which  can  be  a b s o r b e d   by  means  of  the  alkaline  a b s o r p -  

tion  agent ,   may  in  a  similar  manner   be  removed  by  means  of  the  p r o -  

cess  accord ing   to  the  p r e s e n t   i n v e n t i o n .  
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CLAIMS 

1.  Process   for  p u r i f i c a t i o n ,   in  p a r t i c u l a r   d e s u l p h u r i z a t i o n   o f  

flue  gas  from  the  combus t ion   of  s u l p h u r - c o n t a i n i n g   fuel  in  a  c o m b u s -  

tion  f u r n a c e ,   in  which  p rocess   f resh  alkaline  a b s o r p t i o n   agent   s e l e c -  

05  ted  among  oxides   and  h y d r o x i d e s   of  calcium,  magnes ium  and  the  a l -  

kali  metals ,   is  added  in  the  flue  gas  channel   from  said  c o m b u s t i o n  

f u r n a c e ,   and  the  reac t ion   p r o d u c t   formed  is  s e p a r a t e d   from  the  f l u e  

gas ,   CHARACTERIZED  in  tha t   said  a b s o r p t i o n   agen t   is  d r y - a d d e d  

at  a  p r imary   i n se r t   point   a f ter   ad jus t ing   the  w a t e r - d e w p o i n t   of  t h e  

10  flue  gas  a n d / o r   the  t e m p e r a t u r e   of  the  flue  gas ,   so  tha t   the  d i s t a n c e  

be tween   dewpoin t   t e m p e r a t u r e   and  flue  gas  t e m p e r a t u r e   is  5 - 5 0 ° C ,  

p r e f e r a b l y   1 0 - 2 0 ° C  

2.  Process   a cco rd ing   to  claim  1,  CHARACTERIZED  in  t h a t  

the  a b s o r p t i o n   agent   is  p u l v e r u l e n t ,   h y d r a t e d   l ime.  

15  3.  Process   a c c o r d i n g   to  claim  1  or  2,  CHARACTERIZED  in 

tha t   the  w a t e r - d e w p o i n t   is  ad jus t ed   by  adding  liquid  w a t e r .  

4.  P rocess   a c c o r d i n g   to  claim  1  or  2,  CHARACTERIZED  in 

tha t   the  flue  gas  t e m p e r a t u r e   is  lowered  by  being  passed   t h r o u g h   a 
heat   e x c h a n g e r .  

20  5.  P rocess   a cco rd ing   to  claim  4,  CHARACTERIZED  in  t h a t  

the  heat  e x c h a n g e r   is  an  a i r - p r e h e a t e r   h e a t - e x c h a n g i n g   with  f r e s h  

air  to  the  combus t ion   f u r n a c e .  

6.  P rocess   a c c o r d i n g   to  claims  4  and  5,  CHARACTERIZED  in 

that   f u r t h e r   f r e s h ,   a lkal ine  abso rp t ion   agent   is  d r y - a d d e d   at  a  s e -  
25  c o n d a r y   inse r t   point ,   which  in  the  flow  d i rec t ion   of  the  flue  gas  l ies 

before   the  heat  e x c h a n g e r .  
7.  Process   a cco rd ing   to  claims  1-6,  CHARACTERIZED  in  t h a t  

the  f resh   a b s o r p t i o n   agent   is  added  in  exces s ,   p r e f e r a b l y   1 . 0 - 1 . 6 ,  
in  p a r t i c u l a r   1 .0-1 .1   mole  Ca  per  mole  S  in  the  flue  gas ,   and  that   a 

30  mix tu re   con ta in ing   reac t ion   p roduc t   and  u n r e a c t e d   a b s o r p t i o n   a g e n t  
af ter   s e p a r a t i o n   from  the  flue  gas  is  r e c i r c u l a t e d   for  mixture   w i th  
the  d e w p o i n t - a d j u s t e d   flue  g a s .  

8.  Process   a cco rd ing   to  claim  7  CHARACTERIZED  in  that   s a i d  
mix ture   con ta in ing   reac t ion   p roduc t   and  u n r e a c t e d   a b s o r p t i o n   a g e n t  

35  is  r e c i r c u l a t e d   to  an  i n t e r m e d i a r y   inser t   point ,   which  in  the  flow 
d i rec t ion   of  the  flue  gas  lies  before  said  p r imary   i n se r t   p o i n t .  
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9.  Process   a cco rd ing   to  claim  8,  CHARACTERIZED  in  that  a 

f i r s t   s e p a r a t o r   is  i n se r t ed   be tween   said  i n t e r m e d i a r y   and  said  p r i -  

mary  inse r t   point  and  tha t   a  second  s e p a r a t o r   is  i n se r t ed   after  s a i d  

p r imary   inse r t   point,   the  r e c i r c u i a t i n g   mix tu re   being  a  mixture  s e -  

05  p a r a t e d   from  said  f i r s t   or  said  second  s e p a r a t o r ,   or  both  of  sa id  

s e p a r a t o r s .  
10.  Process   a c c o r d i n g   to  claims  1-9,  CHARACTERIZED  in  t h a t  

fly  ash  is  s e p a r a t e d   before   a d j u s t i n g   the  w a t e r - d e w p o i n t   or  the  f l u e  

gas  t e m p e r a t u r e .  

10  11.  Process   a cco rd ing   to  claim  9,  CHARACTERIZED  in  t h a t  

said  f i r s t   s e p a r a t o r   is  a  cyc lone ,   where in   fly  ash  may  be  s e p a r a t e d  

from  react ion  p roduc t   and  u n r e a c t e d   a b s o r p t i o n   a g e n t .  

12.  Process   a cco rd ing   to  claims  1-11,  CHARACTERIZED  in  t h a t  

said  second  s e p a r a t o r   is  a  bag  f i l t e r .  
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